Following its first record in Europe in 2013, the North American ragweed leaf beetle Ophraella communa, used already as a most successful biocontrol agent against common ragweed in China, is spreading rapidly, asking for a detailed analysis of the potential benefit and risk of this introduction for Europe. Here, we report twelve specific and polymorphic tetranucleotide microsatellite markers, which can be used for redrawing its global invasion history and spread across native and introduced ranges. The high level of polymorphism (i.e. from 4 to 18 alleles per locus) and the genetic variation detected within and between one native and two introduced populations provide adequate statistical power for elucidating the beetle's invasion process.
introduction or whether it is likely to become the first case of a successful biological control of an invasive weed in continental Europe.
To identify the source population(s) of the introduction in Europe and to monitor the future spread of the ragweed leaf beetle genotypes, it is essential to know the extent and structure of the neutral genetic diversity of O. communa populations in both the native and the introduced ranges. Here, we report a set of twelve polymorphic tetranucleotide microsatellite markers that will be useful to investigate the invasion processes of O. communa.
The whole genome sequence (ca. 92,800 raw sequences) of a genomic DNA pool of two males and two females, collected in the two introduced ranges, i.e. China (Shenzhen: 22°3 2'10.032"N, 114°03'44.459"E; Wuhan: 30°32'42.029"N, 114°25'14.739"E) and Italy (Pavia: 45°06'490"N, 9°07'480"E; Parma: 44°33'47.131"N; 10°13'47.128"E) , was obtained from paired-end reads of 250 base pairs (bp) sequenced on a MiSeq® Next Generation Sequencer v.2 (Illumina) (Microsynth platform, Balgach, Switzerland). Following bioinformatics processing (i.e. de-novo assembly, detection of microsatellite motifs and primer pairs performed by the Microsynth platform), a total of 5,338 sequences containing microsatellite motifs were delivered, including 306 di-, tri-and tetra-nucleotide loci with suitable primer pairs. Although the number of alleles is usually reduced in tetra-nucleotide loci compared to di-and tri-nucleotide loci, they are generally easier to detect and display less slippage artifacts. Primer pairs of 53 tetra-nucleotide loci, displaying at least 7 repeat units, were therefore tested for amplification, polymorphism and congruence of motif repetitions using a 6-FAM M13 tail (cf. Schuelke (2000) for details of the procedure). Tests were performed on a set of 16 individuals collected in both native and introduced ranges (Appendix 1). As a result, eight of the 53 loci tested were monomorphic, nine loci did not yield amplification products and 16 displayed uninterpretable amplification patterns. The remaining 20 loci were then tested for allele inheritance using two leaf beetle couples collected in Italy and 12 of their offspring (i.e. six per couple, produced in the quarantine facilities at the University of Fribourg, Switzerland). At the end of the selection procedure, twelve promising tetra-nucleotide microsatellite markers were chosen for developing multiplex PCRs. Multiplex PCRs are simultaneous amplifications of several sequences by using multiple primer pairs, each branded by a fluorescent dye, in a reduced number of reaction mixtures. To allow the annealing of multiple primer pairs, we used a touchdown PCR method by programming a range of temperatures in the PCR protocols. In summary, we developed three multiplexes and three simplexes in this study, each with specific temperature conditions and primer concentrations (see Table 1 for more details).
Once the development of the PCRs was achieved, polymorphisms of the 12 loci were estimated in one native and two introduced populations (Table 2) . To do so, genomic DNA of 20-24 individuals per population were extracted using a customised sbeadex TM kit (LGC). Locus amplification was performed following the optimised PCRs developed upstream (Table 1) . PCR reactions were performed in a total volume of 15 μL containing 2 μL of template DNA (ca. 20 ng of genomic DNA), 1X GoTaq® Reaction Buffer with 0.5 U of GoTaq® G2 DNA polymerase (Promega), 0.25 mM of each dNTP, 1 mg/mL of bovine serum albumin, as well as reverse primers at 0.2 μM and forward primers in locus-specific concentrations ( Table 1 ). All PCRs were performed with a TProfessional thermocycler (Biometra) using the following conditions: an initial denaturation phase at 95°C for 5 min, followed by 6-10 touchdown cycles, with each cycle consisting of a denaturation at 95°C for 30 s, annealing for 45 s with specific step-downs temperatures (Table 1) , and elongation at 72°C for 45 s; touchdown cycles were immediately followed by 20-23 amplification cycles, with each cycle consisting of a denaturation at 95°C for 30 s, annealing at primer-specific temperatures for 45 s (Table 1) , and elongation at 72°C for 45 s; a final elongation phase at 72°C for 10 min finished the PCR programmes. For the genotyping, 1 μL of PCR products was added to a mix containing 9.7 μL of formamide and 0.3 μL of DNA Size Standard 500 Orange (Nimagen). An ABI 3130xl capillary sequencer (Applied Biosystems) was used to separate PCR fragments. The sizes of fragments, corresponding to the alleles, were scored using GeneMarker v.2.7.2 (SoftGenetics, State College, Pennsylvania, USA). Finally, following the same procedure, cross-priming was tested on 11 individuals of Ophraella slobodkini Futuyma, 1991, a species sharing host association of A. artemisiifolia with O. communa and living in sympatry in Georgia and South Carolina, USA (Futuyma, 1991) . For each locus and each of the three O. communa populations, allele scoring allowed us to determine both allelic richness (i.e. number of allele) and allele frequencies, as well as the number of heterozygote individuals (i.e. individuals displaying two different alleles at a given locus). Then, using the R package Genepop v.1.1.2 (Rousset, 2008) , observed (Ho) (Eq. 1) and expected (He) (Eq. 2) heterozygosity rates were computed for each locus and population, as:
Ho =
Number of heterozygotes Number of individuals (1)
where p i is the frequency of the ith of k alleles for a given locus. Linkage disequilibrium (i.e. non-random association of alleles at different loci) and deviation from Hardy-Weinberg equilibrium (i.e. constancy of genotype and allele frequencies over generations), based on Weir and Cockerham estimate, F IS (Weir & Cockerham, 1984) , were also tested per locus and population using the Genepop R package (Rousset, 2008) . For both tests, p-values were adjusted based on the false discovery rate to account for multiple testing errors. The presence of null alleles was then examined per locus and population with Micro-Checker v.2.2.3 (Van Oosterhout, Hutchinson, Wills, & Shipley, 2004) .
Across all populations, the allelic richness per locus ranged from 4 to 18, with an average of 9.4 ± 4.9 alleles per locus (see Table 2 for more details). At a regional level, allele richness per locus tended to be higher in the native population compared to the introduced ones. For instance, 11 alleles were reported at the Ocom_Q31 locus in the native population, which dropped to six and one allele in the Italian and Chinese population, respectively. The same pattern was found for both observed and expected heterozygosity rates: for instance, on average across all loci, expected heterozygosity rates amounted to 0.78 ± 0.13 for the North-American population and decreased to 0.61 ± 0.21 and to 0.46 ± 0.18 for the Italian and Chinese population, respectively. These findings indicate a reduced number of population sources and/or introduction events in the introduced ranges and are in line with the results of Nishide et al. (2015) for Japanese populations of O. communa using mitochondrial sequences. Post-introduction genetic bottlenecks or founding events commonly occur in introduced populations and might have further contributed to the reduced genetic diversity observed in our two introduced populations. Further genetic studies using the microsatellite markers developed here and including additional native and introduced Asian and European populations will allow to better understand the invasion history of the ragweed leaf beetle worldwide.
Significant linkage disequilibrium was detected for only one pair of loci out of 179 (for Ocom_Q37 & Ocom_Q38 in the Italian population). Interestingly, several microsatellites showed a significant deviation from Hardy-Weinberg equilibrium. These deviations, due to a deficit in heterozygosity, were found both in native (10 out of 12 loci) and introduced populations (4 and 6 out of 12 loci for the Italian and Chinese population, respectively). Such heterozygosity deficits have been reported for several Coleopteran species (e.g. McKeown et al., 2018) and may result from biological processes, such as selection, inbreeding or Wahlund effects (i.e. sampling of individuals from genetically distinct groups). Knowing that all populations were randomly sampled (i.e. leaf beetles were collected on more than 50-100 A. artemisiifolia plants using sweep nets), inbreeding and Wahlund effects are unlikely, but cannot be excluded. While both reasons do not impair the development of microsatellite markers, upcoming genetic population studies must implement an appropriate sampling design to avoid genetic relatedness and local genetic clustering. A more reliable explanation of heterozygosity deficits is the presence of null alleles resulting from nucleotide variations of flanking regions that can prevent primer annealing during PCR amplification. Here, Micro-checker results confirmed evidence of null alleles for the majority of the markers deviating from Hardy-Weinberg equilibrium ( Table 2) . Null alleles are often unavoidable in species showing large effective population sizes and short generation time, such as O. communa (Müller-Schärer et al., 2014) , resulting in an overestimation of population differentiation (Chapuis & Estoup, 2007) . However, the occurrence of null alleles varies across geographic regions (i.e. 75%, 50% and 33% of microsatellite null alleles were detected with Micro-checker in the native and in the introduced Chinese and Italian population, respectively), allowing to choose region-specific microsatellite markers for further population genetic studies.
Cross-priming amplification failed for almost all of the microsatellite markers (Table 2) . Therefore, these markers cannot be used to assess phylogenetic relationships and population genetic diversity and structure of other Ophraella species. Only the Ocom_Q38 locus successfully amplified in O. slobodkini with a single allele detected. Interestingly, this allele (113 bp) was not observed in the studied O. communa populations (from 121 to 145 bp), suggesting that this marker may be used as a diagnostic to separate the two species and to evaluate potential hybridizations, in addition to the genetic markers already developed by Futuyma (1991) .
The development of these microsatellite markers offers an efficient and cost-effective tool to assess the genetic diversity and structure of native and introduced populations of O. communa, as well as identifying the sources of introduced populations, the number of introduction events and the process of expansion following introductions. In addition, the set of markers will be useful for pre-(e.g. identification of host associations) and post-release assessments (e.g. evolutionary changes), and thus help scientists and decision-makers to implement optimal management strategies using this promising biocontrol candidate against the notorious and widespread common ragweed.
